A ccurate analyses of the costs associated with spine surgery are increasingly necessary as the demonstration of benefit and cost-effectiveness of surgical interventions becomes more important to health care payers and government. 4, 21 Complications are associated with increased costs after spine surgery due to the additional services required to mitigate them.
Identification of complications that have a significant effect on length of stay after spine surgery and predictive value of 90-day readmission rate complications have a greater impact on LOS than others. Identification of these specific complications might provide a rationale for focused prevention efforts by health care providers in the future. To test this hypothesis, we retrospectively analyzed a prospectively maintained database of patients who underwent spine surgery at our institution over a 7-month period.
methods
All patients who underwent spine surgery by the neurosurgical service at the Thomas Jefferson University Hospital from May to December 2008 were eligible for inclusion and consecutively enrolled. There were no exclusion criteria for this study, and its design was purely observational. Data on age, sex, preoperative comorbidity, underlying pathology, surgical approach and technique, complications, and LOS were entered prospectively into a central database by a study auditor. Any complications occurring during the initial hospital stay and the first 30 postoperative days were recorded. Independently, all readmissions for the same patient population and their diagnosis on readmission for a period of 90 days were recorded. All patients were followed at the Department of Neurological Surgery outpatient clinics for 90 days. An independent study auditor from the neurosurgical department nursing staff was designated to evaluate postoperative patients in the inpatient and outpatient clinic and determine if any complications had occurred. Patients were excluded from the trial if they declined to participate or if the study auditor was not available to enroll them at presentation (i.e., weekends, holidays). The protocol was approved by the local institutional review board prior to commencement.
Complications were defined as adverse events leading to further interventions, return to the OR, or permanent sequelae. They were classified by category into pulmonary (i.e., pneumonia, pulmonary embolism), cardiac (i.e., myocardial infarction, supraventricular tachycardia), urinary tract infection (UTI), deep wound infection, return to the OR (i.e., for hardware malposition or migration, epidural hematoma, cerebrospinal fluid leak), new neurological deficits, and deep venous thrombosis (DVT). They were recorded as binomial variables (yes or no) based upon their presence or absence during a patient's postoperative course. LOS was recorded as a continuous variable in whole days. Complications during the inpatient period, readmissions, and transfers were available for data collection on inpatient electronic medical records (EMRs) and paper charts. For the outpatient setting, EMRs with integrated access to patient phone calls, dictations, radiology reports, outpatient providers, and laboratory information were available for complications reporting. If a phone call was made regarding a suspected adverse event, an inquiry was made by the auditor for neurosurgical staff to provide follow-up and assess if an adverse event had occurred.
A linear regression model using all complication categories was constructed. LOS followed a negative binomial distribution, so statistical analysis was performed using an appropriate statistical model in R version 2.15.0 (R Foundation for Statistical Computing; www.r-project. org). The negative binomial model was implemented using the "glm.nb" function in the R package "MASS" and with the link function "identity" so that the returned parameter estimates were all additive terms. Backward stepwise regression methods were then used to create a parsimonious model where only the parameters that were associated with the accuracy of the model were included. The 95% confidence interval for each estimate was calculated. A p value of less than 0.05 was considered statistically significant.
results
The mean age of the 249 patients included in the study was 55.1 years. There were 115 female and 134 male patients in the series. The majority of patients underwent surgery for degenerative disease (161). Thirty-nine patients underwent surgery for trauma, 29 for neoplasm, and 20 for infectious pathologies. The mean body mass index (BMI) was 29.6 kg/m 2 ( Table 1 ). One-hundred seventeen patients (47%) had no complications postoperatively. One-hundred thirty-two patients (53%) had at least 1 complication. The number of complications experienced by patients ranged from 1 to 7, with a mean of 1.8 complications per patient who experienced at least 1. The mean LOS for patients without a complicated postoperative course was 6.9 days; the mean LOS for those with a complication was 13.5 days (p < 0.05; Fig.  1 ). Eighteen patients developed pulmonary complications, 12 developed cardiac complications, 33 experienced UTI, 28 had deep wound infections, 13 were required to return to the OR, 9 developed a new neurological deficits, and 17 developed DVT (Fig. 2) .
Regression analysis showed that the occurrence of a pulmonary complication, a UTI, or a new neurological deficit increased the LOS by 11.1 days, 3.4 days, and 9.1 days, respectively (p < 0.05; Table 2 ). A return to the OR showed a trend toward an associated increase in LOS of 4.7 days (p = 0.09); deep wound infections also showed a trend toward an associated increase in LOS of 3.3 days (p = 0.08). Readmissions were recorded for a 90-day period (Fig.  3) , during which 37 readmissions (14.9%) occurred. The most common indication for readmission was for wound drainage (n = 21), 10 of which underwent surgical drainage (4.01%). The most common diagnoses for readmission in decreasing order of incidence were categorized as hardware malpositioning (n = 4), fever (n = 4), pulmonary (n = 2), UTI (n = 2), and neurological deficit (n = 1). Complications affecting LOS were not found to be predictive of readmission (p = 0.029).
discussion
The current analysis found that the occurrence of a complication is associated with an increased LOS. Specific complications were found to have a statistically significant increase in the LOS. These included pulmonary complications, which increased the LOS by 11.1 days; UTI, which increased the LOS by 3.4 days; and new neurological deficits, which increased the LOS by 9.1 days. An increased LOS was associated with an increase in health care expenditures for the admission in this cohort as reported in previous publications. 20, 21 As a cost-containment measure, the value in predicting readmission risk can be beneficial. In this analysis, readmissions over 90 days did not correlate with the common adverse events prolonging LOS. This is an interesting finding not previously addressed, as one would expect problematic adverse events that prolong LOS to more commonly result in readmission.
In this study, pulmonary complications had the greatest impact on additional LOS. Winslow et al. reported that the incidence of pulmonary complications during admission for acute cervical spinal cord injury was directly related to cost and LOS, and that these were a better predictor of hospital costs than the level of injury. 22 Khan et al. investigated the association between hospital costs and LOS in 7457 patient undergoing noncardiac surgery at a tertiary care center.
11 They found that the occurrence of a complication increased costs by 78% and LOS by 114% and that pneumonia specifically was associated with an 89% increase in LOS. Several studies have looked at the institution of preoperative pulmonary physiotherapy, perioperative noninvasive ventilation, and other interventions for the prevention of postoperative pulmonary complications.
3,7,9,10 A number of studies have focused on DVT prophylaxis for the prevention of postoperative pulmonary embolism in traumatic and nontraumatic spine patients. 2, 15, 16, 18, 19 Patients who have undergone spine surgery may be prone to UTIs due to periods of immobilization and the need for indwelling bladder catheters in the postoperative period. Although several studies have investigated the effectiveness of UTI prevention methods in the general surgical population, there are few studies specific to patients who underwent spine surgery. 6, 8 This may be an area where further studies are warranted. It is surprising that UTI impacted LOS to a greater extent than did wound infection (Table 2) in our study. The authors feel this was due to an overdiagnosis of UTI, resulting in the overuse of intravenous antibiotics for presumed infection. This presumed overdiagnosis was accounted for by older practices of UTI diagnosis and treatment seen in 2008. In the perioperative period of this study, it was commonplace to treat urinalysis finding of high white cells or leukocyte esterase and nitrite positive as evidence of UTI. Intravenous antibiotic therapy was initiated prior to culture results and continued even if the results were negative. This was due to concern for limiting bacteremia in the perioperative setting, especially in the case of instrumentation.
The incidence of complications in the current cohort is higher than many previous reports. We believe that there are several reasons for this observation including the prospective nature of evaluation, the application of a liberal definition of complication, and the complicated nature of patients' underlying pathologies. A large proportion of patients underwent instrumentation procedures, which have been associated with an increased incidence of complications as well. 5 A limitation of the current study is that complications such as deep wound infections may surface or lead to readmission beyond 30 postoperative days. This might lead to an underestimate of their true impact on health expenditures using the current methodology. Another limitation is that many complications are interrelated or due to the same underlying pathology making it difficult to isolate their unique effects. For instance, a patient immobilized by a high cervical injury classified as Grade A on the American Spinal Injury Association Impairment Scale would be more likely to develop pulmonary complications as well as DVT or UTI. Furthermore, instances of patients seen and evaluated in a community center for a postsurgical complication may go underreported if that facility does not seek transfer or relay their findings to our outpatient staff. These events are difficult to fully track and are thought to be very infrequent.
There were several limitations regarding the tracking of hospital LOS. Table 2 lists the factors affecting hospital LOS that were able to be objectively assessed. However, there were a number of factors not captured by this study, such as socioeconomic factors, unavailable to the staff in a way that could be reliably tracked. One example would be a patient unable to obtain personal transportation home resulting in a delayed discharge. Another example would be an uninsured patient requiring additional time to obtain medical assistance for rehabilitation placement, home physical therapy, or infusion services, all of which prolong LOS. Anecdotally, patients with chronic pain requiring prolonged intravenous analgesia or the assistance of an inpatient consultant specializing in pain management have prolonged LOS, but pain was not tracked in this study.
conclusions
We have identified, through the retrospective analysis of a prospectively maintained database, that pulmonary complications, urinary tract infections, and new neurological deficits had a statistically significant effect on LOS, and reoperation and wound infection had a trend towards a statistically significant effect on LOS in the current cohort. The resulting increased LOS is likely to lead to a direct increase in health care expenditures for a given patient, and these complications would, therefore, be attractive targets for complication-prevention programs in patients who have undergone spine surgery.
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